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THE HYGIENE OF THE SMALL CHEMICAL 
LABORATORY. 
By EDWARD KELLER. 

Received February 23. 1910. 

In perusing the literature on factory-practice of 
recent years, one is struck by the widespread ten- 
dency, expressed therein, to improve the environ- 
ment of the working people in all fields of industry. 
Yet, it is too well known that this problem had been 
neglected for generations. The chemical laboratories 
have retained, on the whole and in contrast with the 
modern industrial plants, much of their mediaeval 
aspect; they generally are full of dense fumes and 
noisome odors. Consequently, i t  may be asserted 
that the chemist may be made a better paying indi- 
vidual by establishing for him favorable and agree- 
able surroundings where these do not pre-exist ; even 
though one making such an assertion be suspected 
of humanitarian motives, for the reasons that he him- 

plants and buildings. Any one interested therein 
may be referred to an article on that subject by P. 
R. Morse.' The discussion will be confined to ven- 
tilation by natural forces which, when properly con- 
ducted, will be shown to be more efficient than the 
of ten defectively installed mechanical means in small 
establishments. 

At first sight this subject-matter might appear al- 
most too trivial for a treatise, were i t  not for the fact 
that complaints of the working chemists are univer- 
sally to the effect, that under certain conditionszof 
wind or weather the hoods return the fumes into the 
working room. These facts at once lead to the con- 
clusion of faulty arrangements in the system of ven- 
tilation, incidental to the neglect of applying some 
of the elementary laws of physics by our architects. 

Before analyzing the forces which we must utilize 
or eliminate in the most economic application ?of 
natural ventilation, we must recall to mind the qis- 

a 

self spends a large part of his life in the chemical 
laboratory. 

I .  VentiZahm-It is not the purpose of this paper 
to deal with the latest improved ventilating and 
tempering machinery installed in some of our giant 

advantage of a laboratory ventilating stack, as re- 
gards draught, as compared to the stack of a heating 
plant, due to the former's small difference of tempera- 
ture within and without. It is for this reason that 

1 E~~~~~~~~~~ M ~ ~ ~ ~ ~ ~ ~ ,  February, 1908, 
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of the 

A 

wind and weather play such an important part in 
its operation. If a certain wind blows down through 
the stack and drives the fumes from the hood into 
the laboratory it is not because either east, west, 
north, or south wind has the tendency to turn a t  
right angles downward. The wind, like any other 
body in motion, will pursue a straight- course, unless 
deflected by some other force. It has the peculiarity, 
by blowing over an opening of an enclosed space, 
to exercise suction or to create within that enclosed 
space a partial vacuum, while by its velocity-impact 
i t  creates a pressure which increases with approx- 
imately the square of the wind-velocity. It now 
becomes self-evident that where the described troubles 
exist, the stack is offering to the wind a course of 
least resistance, which again can be due only to a 
lower atmospheric pressure inside than out, i. e., 
a partial vacuum existing in the stack and the ad- 
joining room, caused by the suction of the wind in 
blowing over an open door or window of ;he respec- 
tive room. For brevity's sake, the impact-pressure 

wind may be called the plus-pressur- while 

the vacuum pressure must accordingly be termed 
minus-pressure. 

It so happens that very few laboratories, or for 
that matter any rooms, are exposed to the winds in 
all directions of the compass. Therefore, when the - 
wind blows from the direction of the sheltered or 
protected side and there are open doors or windows 
on the opposite side, there naturally results minus- 
pressure in the room, with consequent backdraught 
in hood and stack. It thus becomes clear that in 
order to obtain reliable ventilation, with constant 
plus-pressure in a room, we must permanently en- 
gage the force of the winds by arranging our ventila- 
tors in such a manner that a t  all times there will be 
an air receiver in the wind direction, or to have what 
is known as an injector. 

In  the writer's laboratory building, skylights have 
been placed in the four main directions of the com- 
pass, two of which open directly into the laboratory, 
while the other two are connected over the ceiling 
of other rooms. They can handily be raised and 
lowered from the laboratory and they have the ad- 

a 
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vantage over the ordindry windows in that the draught 
from them is less perceptible by delicate people and 
that it less disturbs the gas flames on the working 
tables. 

Where windows or skylights on all sides of a room 
are impossible, the difficulty of introducing the plus- 
pressure, at all times and automatically, may be over- 
come by a device as shown in Plate 11, Fig. I an “in- 
jector.”’ According to the size of the room, one or more 
airshafts or pipes, S, may lead from the roof or through 
the side-walls into it. These shafts or pipes are capped 
with swingtops, having a funnel-shaped mouth, A ,  
and a vane, B,  which keeps the mouth turned towards 
the wind. The ingress of the air into the room may 
be regulated by one or more registers H .  

This principle of ventilating by the wind-pressure 
is generally carried out on all kinds of maritime vessels, 
although not by automatic injector swingtops, and it 
is surprising that architects should not have made 
more geperal use of it in buildings where perfect sani- 
tation is ’a prime requisite. The principle of suc- 
tion by the wind is found more frequently applied, 
as is noticeable by the suction swingtops on chimneys, 
and other forms of “ejectors” on the roofs of build- 
ings and railway cars. 

Naturally, the most efficient method for displacing 
the air in a room is by a combination of the pressure 
and suction principles. As to the choice between 
the two, it will hereafter be demonstrated that the 
former is from four to seven times as efficient as the 
latter. 

The proper principles for the natural ventilation 
of the chemical laboratory demonstrated and estab- 
lished, i t  merely becomes a question of hood-capacity 
to obtain a perfectly sanitary atmosphere. Plate 11, 
Fig. 2 ,  shows the design of a hood from which, with a 
little attentive regulation of plus-pressure in the room, 
there is never the slightest issue of fumes or odors. 
The essential features of this hood are, a double wall 
in the back with six inches of free space between them; 
the free space directly connected by its full trans- 
verse section with a stack of 4 ft.2 inner cross section 
and 2 5  f t .  height, therefore no entry of dust into the 
hood from this side; openings, or vents, along the 
slanting roof-line and along the table-line, connecting 
the hood with the free space between the rear walls 
and with the stack. Especial attention may be 
called to  these two rows of vents, as the arrangement 
permits heavy fumes to enter the flue a t  the base, 
where the force of the draught is the same as along 
the roof, and as i t  also appears to prevent whirling 
motions inside of the hood by which fumes are some- 
times cast out through open doors in front. The hood, 
furthermore, has vertically sliding, balanced doors 
and two compartments, one of which contains heating 

1 The writer subsequently discovered that this principle. and various 
mechanisms pertaining thereto, were much patented some twenty years 
ago. 
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plates, and the other the hydrogen sulphide generator 
and sufficient space for filtrations or other special 
work. 

Any heating apparatus in the hood will aid the 
draught in the stack. In some laboratories one finds, 
for that  reason, a gas flame placed in the latter. 

In  order to prove the superior efficiency of wind- 
pressure over such small heating appliances, as just 
mentioned, for the creation of draught, Table I has 
been compiled. It shows a comparison of pressures 
by wind-velocity and the same pressures caused by 
internal and external temperature differences in stacks 
of various heights. The left-hand portion of the 
table, showing definitions of winds, their velocities 
and corresponding pressures, is taken from “ Com- 
pressed Air and Its Applications,” by Gardner D. 
Hiscox, New York, 1901. The right-hand portion of 
the table, having in common the pressure column 
with the left, shows the temperatures which are neces- 
sary, in stacks of 2 5 ,  50 and IOO feet heights, to pro- 
duce pressures equal to those produced by the winds. 
These temperatures have been calculated by the 
writer according to the following factors and the de- 
duced formula : 
w = weight of external air column at 70’ F., nor- 

mal barometer and height of stack. 
w, = weight of internal air column. 

01 = coefficient of expansion of gases for I O  F., 

tu = external temperature, arbitrarily taken a t  

t, = temperature difference between internal and 

t, = temperature sought. 

. 

= wind-pressure; pounds per square foot. 

(assumed to be constant). 

70’ F. 

external air columns. 

- I  w-w, = p ;  (a?,= ~- ) ;  
I + a.t, 

W w-- = p ;  
I + a.t, 

When w = p ,  or w - p = 0, we have the theo- 
retical maximum of natural draught; then t, = . 

None of the oregoing figures express directly the 
amount or strength of the draught, which is simply 
a function of the air pressure at the base of the stack, 
regardless of the origin of this pressure. From the 
wind velocities in Table I we may, therefore, draw 
direct conclusions as to the draught caused by tem- 
perature differences which show identical pressures 
with the wind velocities. There being comparatively 
little friction in hood and stack to overcome by the 
air current, it appears safe to assume that 50 per 
cent. of the wind-velocity is converted into draught, 
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and taking as an example, from our Table I, the case 
of a strong breeze with 880 f t .  velocity per minute, 
the draught in the stack would be 440 f t .  per minute, 
or the volume of air passing through our stack during 
the working day of IO  hours would be 1,056,000 f t . 3  
To obtain the same draught by heating the air in our 
25 ft .  stack, an increase of temperature of ( 2 5 1 . 5 6 - 7 0 )  

181.56' F. would need be maintained in the stack. 
TABLE I.-~OMPARISON OF WIND-PRESSURES WITH CORRESPONDING PRES- 

SURES CAUSED BY DIFFERENCE OF TEMPERATURE I N  STACKS OF VARIOUS 

HEIGHTS. 
Velocity. b d  - Y O  

L i .  k *c 

Observed V. 3 Degrees Fahrenhei t  *.3 + e $ 3  

' Tempera tu re  and  height  
of a i r -column.  

character  of $ 2  E E $ 2 gE* r . -  
t h e  wind. 0 k pi zj it. 50 ft. 100 fl .  

Barely observed.. . 
Just  perceptible.. . 
Very l ight . .  . . . . . .  
Light breeze.. . . . .  
Fair breeze.. . . . . .  
Very fair breeze.. . 

Fresh breeze . . . . . .  
Strong breeze.. . . .  

Stiff breeze.. . 

Very br isk. .  ...... 
High wind . .  . . . . . .  

Very high wind. .  . 
Gale. . . . . . . . . . . . .  
Sto rm.  . . . . . . . . . .  
Great s torm. .  . . . .  
Hurricane. . . . . . . .  
Tornado. . . . . . . . .  

1 88 1 .47  0 .005  71.32 70 .66  
2 176 2 . 9 3  0.020 75 .31  72.64 
3 264 4 . 4 0  0 .045  82.11 75.98 
4 352 5 . 8 7  0 .081  92 .23  80.87 
5 440 7 . 3 3  0.126 105.48 87 .12  
6 528 8 . 8 0  0 ,181  122.62 94.97 
7 616 10.27 0 ,247  144 .72  104.72 
8 704 11 .73  0 .323  172.49 116.41 
9 792 13 .20  0 .408  206.97 130.12 

10 880 14 .67  0 .505  251.56 146 .64  
11 968 16 .13  0.610 307 .53  165.67 
12 1056 1 7 . 6 0  0 .726  381 .28  188.24 
13 1144 19.07 0 . 8 5 2  480.36 214.80 
14 1296 2 0 . 5 3  0 , 9 8 8  618.95 246.20 
15 1320 2 2 . 0 0  1 .135  826.15 283.79 
16 1408 23 .48  1 .291  1160.43 328.62 
17 1496 24 .93  1.458 1796.45 383.38 
18 1584 2 6 . 4 0  1 .634  3426.68 450 .47  
19 1672 27.86 1 .821  17134.94 535.18 
20 1760 29 .33  2 . 0 1 8  . . . . . .  644.24 
25 2200 36.67 3 .155  . . . . . .  2692.07 
30 2640 4 4 . 0 0  4.547 . . . . . . . . . . .  
35 3080 5 1 . 3 3  6 .194  . . . . . . . . . . .  
40 3520 58.65 8 .099  . . . . . . . . . . .  
45 3960 6 6 . 0 0  10.260 . . . . . . . . . . .  
50 4400 77.33 12 .684  . . . . . . . . . . .  
60 5280 88 .00  18 .310  . . . . . . . . . . .  
80 7040 117.30  32.800 . . . . . . . . . . .  
90 7920 132.00 40.500 . . . . . . . . . . .  

100 8800 146.60 50.000 . . . . . . . . . . .  

70.33  
71.32 
72.97 
75.38 
78 .41  
82 .18  
86.77 
92.16 
98.33 

105.55 
113 .60 
122.78 
133.11 
144.72 
157.82 
172.40 
188.84 
207.19 
227.93 
251.31 
427 . i 5  
829.12 

2414.17 

. . . . .  
. . . . . .  
( looof t . )  

987 .16  

It may here be pointed out that  the draught de- 
pending on temperature is also a function of the 
height of the stack, while the draught caused by wyind- 
pressure is entirely independent thereof. Conse- 
quently, in the latter case, the stack may be built 
as low as you please, while its cross section may be 
enlarged to such an extent that any desired volume 
of gases will pass through it. 

Plate 111 shows the apparatus by means of which 
tde relations- between plus- and minus-pressure were 

B - 4 7  

~ ~ ~ ~ ~ ~ - ~ s  b r i o  Foe 

3.T..- - 0 7  Oh, o r  

PLLs M u.a PRCSSU*. 
- H 
I C,,...T.. ... G a  .. __ 

F,? zI=7 

__ 

determined.l For equal pressures a t  c, the corre- 
sponding plus-pressure a t  a and the minus-pressure 
at b could be read at the gauges. The latter, used 
for pressures below .one inch of water-column, were 
of the differential type, capable of convenient read- 
ing to one-hundredth of an inch. For higher pres- 
sures the ordinary siphon gauge was employed. ..&The 
results of the measurements are given in Table 11. In 
TABLE II.-COMPARISOS OF PLUS- AND MINCTS-PRESSURE CAUSED BY WIND 

OR BLAST OF EQUAL VELOCITY. 

Plus o r  velocity- Minus or vacuum- Ratio of 
pressure. pressure. 

Pounds per square foot. 
0 .286  0.052 1 : 0.182 
0 .551  0 .078  1 : 0.141 
0 . 8 0 6  0.130 1 : 6.161 
1 .066  0.166 1 : 0.156 
1 .301  0 .239  1 : 0.184 
1 . 5 4 5  0.312 1 : 0.202 
1 . 7 5 8  0 .364  1 : 0.207 
2 .039  0.437 1 : 0.214 
2 . 3 4 1  0 .489  1 : 0 . 2 0 9  
2 . 6 6 9  0 . 6 5 0  1 : 0.244 
4.333 0.962 1 : 0.224 

1 : 0.216 5.894 1 .274  
7 . 9 7 5  1 .623  1 : 0.204 

1 : 0 . 2 0 1  9 .712  1 .956  
1 : 0.2Q1 11.616 2 .330  
1 : 0.202 13,177 2.658 

14.914 2 . 9 3 9  1 : 0.197 
16 .646  3 . 3 4 0  1 : 0.201 
18.727 3 .527  1 : 0.188 
19.508 3 . 8 8 6  1 : 0.199 

pressure. 
Pounds per squart  foot. Plus to  minus, 

the ratio column it will be noticed that the minus- 
pressure begins with a minimum and that i t  reaches 
a maximum with a plus-pressure of 2 , 6  pounds per 
square foot. The figures show the low efficiency 
of the minus-pressure to be about one-seventh of that 
of the plus-pressure, while the high one is one- 
fourth, thus showing the degree of superior efficiency 
of injectors over ejectors in displacing air in a room. 

By comparing the minus-pressure column of Table 
I1 with the pressure and temperature columns of 
Table I, an approximate estimate may be obtained 
of the damage to the draught in a stack by wind 
suction, when the latter acts in the opposite direc- 
tion of the draught. The suction effect of the wind 
upon a building must, however, naturally be less 
than that indicated in the ratio column of Table 11, 
for the reason that this effect is active only along the 
roof- and side-lines, while i t  is nil along the base-line. 

I I .  Deodori.ation.-To render the fumes and odors 
from a chemical laboratory harmless to the exterior 
surroundings, i t  generally suffices to dilute th: m to 
a considerable degree with the atmospheric air, ac- 
complished by conducting them through stacks to a 
reasonable height above the dwellings of the vicinity. 

With an efficient ventilating system, such as' has 
been described, and with precautions taken that 
evaporations of acids, the filtration of malodorous 
liquids, and the generation of hydrogen sulphide be 
performed in the hoods, the atmosphere in the lab- 
oratory should remain free of all nuisances. Much, 

1 More authoritative data  probably exist in  the engineering literature. 
I n  books available to  the  writer, they could not  be found. For the sake 
of illustration, merely, actual determinations appeared more simple t h a n  
the  consultation of distant libraries. 
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of course, depends in the maintenance of discipline 
by those in charge, and that would appear to be 
most efficaciously introduced by demonstrating, to 
the working force's conviction, the utility and effi- 
ciency of the contrivances, rather than by adorning 
the walls with vigorous printed rules. 

Odorless Hydrogen Sulphide Generator Drain.-There 
is, however, another difficulty to overcome in connec- 
tion with the operation of the hydrogen sulphide 
generator; it is the discharge and disposal of the 
spent acid. The latter, upon its release from the 
generator, is surcharged with the gas which it pro- 
fusely emits, and when left to flow into drains, which 
have openings into the laboratory, the gas will enter 
and may not only become a source of annoyance to 
the men, but may affect the accuracy of certain chem- 
ical work and wreak injury to some of the structural 
materials; or if after leaving the laboratory, this 
liquor enters open gutters or partially covered sew- 
ers, it will vitiate the atmosphere of the neighborhood. 

In the device shown in Plate IV, the writer has 
found a perfect method for eliminating these troubles, 
it having been in successful .operation in his labor- 
atory for about five years. The form of the hy- 

drogen sulphide generator is immaterial and there- 
fore only its lower portion, with the drain-tube, is 
indicated in the figure. It is, of course, placed in a 
hood. The drain system has a trap, a,  c, d ,  e ,  and a 
vent a t  /, connected with the hood a t  g .  The trap 
is necessary to prevent the gas from escaping through 
this duct from the generator, and the vent is required 
to keep the trap filled with the liquor which, other- 
wise, would be siphoned out by that part of the drain- 
tube designated by e,  h. The liquor thus flows con- 
tinuously into the reservoir, R, a t  h, filling it t o  the 
level 0, p .  A t  this point the discharge tube, q, Y ,  is 
filled and through it the liquor is siphoned off until 
its level in the reservoir reaches m, n, which opera- 
tion repeats itself automatically. There always remains 
a stock of liquor in the reservoir whose surface fluc- 
tuates rhythmically between the levels m, n, and 0, 
p .  Air is injected into the liquor through i, j ,  and 
escapes into the hood through k, 1. At s any. sediment, 
or precipitate formed, may be drawn from the reser- 
voir. In  addition to the tubes shown in the figure 
and running through the stopper into the reservoir, a 
long-tubed funnel may be added, so that filtrates 
containing hydrogen sulphide may be discarded 

ODORLESS SPENT-ACID DISCHARGE 
HVOROGEN SULPHIDE GENCRATOR, 

FFLOM 

Plate IV. 
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through this drain and made odorless, instead of 
being poured into the sink with the well-known ef- 
fects. 

The chemical process in the apparatus is i s  follows: 
“ The liquor is an aqueous solution of ferrous chloride, 
surcharged with hydrogen sulphide gas. The in- 
jected air oxidizes the ferrous to the ferric salt, which 
is partially precipitated in a basic form. The ferric 
chloride in solution, by the intimate contact with the 
inflowing, dissolved hydrogen sulphide, immediately 
causes the latter’s oxidation and decomposition. I n  
the reaction the ferric salt is again reduced to the 
ferrous state, while hydrogen chloride is formed, 

‘and sulphur liberated : Fe,Cl, + H,S = zFeClz + zHCl + 
S.” 

Owing to the permanent stock of ferric chloride 
solution in the reservoir the discharge a t  r is always 
odorless; so is also the air issuing a t  1 ;  the only place 
of odor emission from the drain-system being a t  g, 
therefore, its connection with the hood is essential. 

For common laboratory use the reservoir need not 
be of the given design. An ordinary five- or ten- 
pound, wide-necked bottle will serve the purpose 
just as well. In  this case the siphon-tube g, r ,  is taken 
through the sealed stopper with the other tubes, 
and the bottle freed of the sediment, whenever neces- 
sary, by disconnecting the stopper and emptying 
the whole contents. 

This device, when constructed of other acid-proof 
materials on a larger scale, may readily be applied 
in industrial plants in which hydrogen sulphide is 
used. 

In  conclusion, i t  may not be amiss to call attention 
to the facts that the extra cost of installation of the 
improvements is trifling and the operating expenses 
practically nil, while they greatly contribute to the 
increase of the “joys” of the laboratory. 

Acknowledgment is due my assistants, Messrs. 
Ferrel and McComas, for the preparation of the draw- 
ings from which the cuts in this paper were made. 

PERTH AMBOY, N. J., 
Feb. 24, 1909. 

THE CRUCIBLE ASSAY OF PYRITIC CONCEN- 
TRATES FOR SILVER AND GOLD. 
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In  evaluating pyritic gold and silver ores contain- 
ing little or no gangue material, the assayer has re- 
course to three crucible methods. He may remove 
the sulphur by preliminary roasting ; he may lessen 
the reducing power by using potassium nitrate, or 
desulphurize by employing iron as wire or nails. 
The literature affords various criticisms, favorable 
and adverse, on a t  least two of the procedures. Mr. 
R. W. Lodge, in his “Notes on Assaying,” states the 
belief that loss of silver occurs in certain ores due to 

the use of niter. He adduces, however, the results 
of but two fusions. Messrs. Ricketts and Miller, 
in their text-book on “Assaying,” express lack of con- 
fidence in the iron method on ore containing much 
sulphur. No further comment is made. Mr. H. 
van F. Furman, in his Manual of Practical Assaying,” 
says the iron method is preferred by most assayers. 
Again some authorities recommend a charge for the 
iron method that yields a basic slag, notwithstanding 
the well-known fact that such slag is likely to carry 
values. Others, evidently in recognition of this, 
prefer a charge containing considerably more acid 
fluxes and some potassium nitrate. Experimental 
evidence, however, to substantiate the various opin- 
ions, is very meagre and on some points entirely lack- 
ing. There circumstances lead the writer to make 
some investigations, in the hope of obtaining definite 
data as to the relative efficiency of the various treat- 
ments. 

In  all of the work 0 . 5  A. T. ton of ore, passed 
through Ioo-mesh sieve, was taken for each charge. 
The fusions were made in a gas muffle, excepting 
those of a few slags, which were carried on in a cruci- 
ble furnace. The fusions were started a t  low heat and 
gradually raised to about IZOOO C., the charges being 
in the furnace about forty-five minutes. Morganite 
cupels w’ere used. The fluxes, time of fusion, size of 
buttons, in short all conditions were kept as nearly 
uniform as possible. The litharge used contained 
silver, for which corrections were made. 

For the first work a Leadville, Colorado, pyrite 
was selected. It was almost pure iron sulphide, 
carrying a little copper. The reducing power was 
9 .  I.  Three series of four charges were made up. 
Series No. I consisted of assays for the potassium 
nitrate method, the following charges being used : 

0 . 5  A. ’I’. 
Ore. Grams. 

. . . .  15.0 

. ... 10.0  

. . . .  28.5 
Salt cover.. ............................ 

Series No. 2 was first dead roasted and then fluxed 

as follows: 0.5 A. T. 
Ore. Grams. 

Salt cover.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Series No. 3 was made up according to the general 

type of charge usually recommended for the iron 
method : 0.5 A. T 

Ore. Grans. 
h-aHCOs. ....................... 30.0 
PbO. . . . . . . . . .  . . . .  2 3 . 0  
Borax glass ... 10.0 
4 Iron nails (20-penny). . . . . . . . . . . . . . . . . . .  
Salt cover.. ............................. 


